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Abstract: To explore the effect of exercise intervention on fundamental movement skills (FMS) of chil-
dren with attention deficit hyperactivity disorder (ADHD) and/or autism spectrum disorder (ASD).
Following the principle of PICOS, randomized controlled trials of the effect of exercise intervention
on the FMS of ADHD/ASD children were searched. A total of 12 articles and 396 participants were
included. Review Manager5.4 and Statal6.0 software were used to process and analyze the data. The
results revealed that (1) exercise intervention can improve the gross motor skills of children with
ADHD/ASD (p < 0.00001). Aquatic therapy (SMD = 56.54, 95% CI = 38.83-74.25) has a better effect
on stability skills, and FMS intervention (SMD = 17.58, 95% CI = 1.78-33.38) has a better effect on
locomotor skills and object control skills. (2) Exercise intervention can improve the fine motor skills
of children with ADHD/ASD (p = 0.001). Table tennis exercise (SMD = 9.91, 95% CI = 0.23-19.59) and
horse-riding program (SMD = 9.50, 95% CI = 5.20-13.80) have better effects on fine manual control

fxl;)ecf :tfg; and hand-eye coordination. (3) The closed-skill intervention for 60 min each time, twice a week, for
Citation: Ye, Y;; Ning, K.; Wan, B.; at least 12 weeks had the best effect on the improvement in the FMS in children with ADHD/ASD
Shangguan, C. The Effects of the (p < 0.00001). Exercise intervention may effectively improve FMS in children with ADHD/ASD.
Exercise Intervention on Intervention form, time, frequency, and duration are important moderator variables that positively
Fundamental Movement Skills in impact the FMS of children with ADHD/ASD.
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have supported the similarity of the behavioral disorders, and the findings suggest that
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the two types of children not only have highly shared heritability, but also represent the
performance of the same endophenotype and can be classified into the same diagnostic
entity [4,5]. While evidence of atypical brain development suggests that children with
both ADHD and ASD may be affected by cerebral laterality and develop severe motor
coordination deficits, it is worth noting that children with developmental coordination
disorder (DCD) are the most common co-occurring disorder in the above two types of
children, but the underlying mechanism evidence is insufficient, so only ADHD and ASD
children are discussed and studied [6].
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Movement disorders are common behavioral disorders in children with ADHD and
ASD, especially fundamental movement skills (FMS) disorders such as low levels of gross
and fine motor skills, difficulty in motor coordination, and poor posture, which may be
related to delayed maturation of the prefrontal cortex [7-9]. FMS is the basis for children’s
movement, play, and lifelong physical activity and can be divided into gross motor skills
and fine motor skills. The development of gross motor skills involves control of the trunk
or legs including locomotor, object control, and stability skills, and the development of
fine motor skills involves control of the hands and eyes including fine manual control,
hand-eye coordination, etc. [10]. In addition, some studies have found that children with
ADHD and ASD have difficulty with age-appropriate FMS, and more attention should be
given to the teaching, practice, and feedback of skills in specific domains to promote FMS
acquisition and proficiency [11,12].

Exercise interventions and pharmacological interventions are promising interventions
for children with ADHD/ASD. Exercise interventions are considered to be physical ac-
tivity interventions that maintain or enhance an individual’s movement capacity through
planned, structured, and repetitive physical activity [13]. Adequate exercise intervention
can induce neuroplasticity in brain structure and function as well as effectively enhance
FMS, executive function, learning performance, and emotion regulation in children with
ADHD and ASD [14,15]. However, some pharmacological interventions are ineffective for
children with ADHD and ASD and are associated with certain side effects including in-
somnia, loss of appetite, growth retardation, and headache [16,17]. In comparison, exercise
interventions are more beneficial for the treatment of ADHD/ASD children’s movement
disorders and improves the FMS in both types of children.

Currently, a series of studies such as motor skill intervention [18], aerobic exercise train-
ing [19], aquatic program [20], and mini-basketball training program [21] have confirmed
the positive effects of different exercise interventions on FMS in children with ADHD and
ASD, but so far, no studies have been conducted to date for meta-analysis, and there are
large differences in the form, time, frequency, and duration of exercise interventions among
studies, and the results of individual studies are still inconclusive. Therefore, based on
the PICOS principle, a meta-analysis of the effects of exercise intervention on the FMS
of children with ADHD and/or ASD was conducted to further explore the moderating
effects of exercise intervention form, time, frequency, and duration on the FMS of both
types of children.

2. Method
2.1. Search Strategy

Articles were searched in the PubMed, Web of Science, Cochrane Library, and CNKI
databases. The search strategy was based on the following syntax: (#1) (“children” OR
“preschooler*” OR “student*”) AND (#2) (“attention deficit hyperactivity disorder*” OR
“attention deficit disorders with hyperactivity” OR “attention deficit disorder*” OR “hy-
perkinetic syndrome” OR “ADHD” OR “autism spectrum disorder*” OR “ASD”) AND
(#3) (“movement skill*” OR “motor skill*” OR “motor abilit*”’) AND (#4) (“exercise” OR
“physical activit*” OR “sport*” OR “training”). The literature search period was from
1 January 2010 to 31 October 2022.

2.2. Inclusion and Exclusion Criteria

The PICOS principle is a structured method for searching the literature and is the basis
for formulating the eligibility criteria for a meta-analysis. The PRISMA statement divides
the PICOS principle into five main components: participants, interventions, comparisons,
outcomes, and study design [22]. Following the PICOS principle, the inclusion criteria
were: (1) the participants were children with ADHD and/or ASD; (2) the experimental
group received structured exercise intervention, while the control group did not receive
structured exercise intervention; (3) the outcome indicators were rating scales related to
FMS of ADHD/ASD children; (4) the study design was a randomized controlled trial (RCT);
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and (5) no medication or other exercise interventions were used in the experimental group
and the control group. The exclusion criteria were: (1) neither children with ADHD nor
children with ASD; (2) the experimental group was an unstructured exercise intervention
or a mixed intervention; (3) no outcome data was shown; (4) non-RCTs; and (5) conference
papers, reviews, or duplicate published studies.

2.3. Data Extraction

To improve the quality of literature information extraction, two researchers indepen-
dently performed information extraction. The following information was included in
the design of the data extraction form: the first author, year of publication, diagnostic
standard, subject type, data from the experimental and control groups (sample size and
age), exercise intervention (form, time, frequency, and duration), assessment scales, and
outcome indicators.

2.4. Risk of Bias Assessment

Risk of bias assessment for included studies is an important part of the literature
quality assessment. The Cochrane risk of bias assessment tool [23] is the most widely
used in randomized controlled trials, mainly including seven items: random sequence
generation, allocation concealment, blinding of participants and personnel, blinding of
outcomes assessment, incomplete outcome data, selective reporting, and other biases. Each
item was judged to be low risk of bias, unclear risk of bias, and high risk of bias. The risk
of bias was assessed by two researchers independently, and if there was any disagreement,
this was resolved by mutual agreement or determined by a third reviewer.

2.5. Data Analysis and Synthesis

Review Manager 5.4 software was used for the heterogeneity test and subgroup
analysis, and Stata 16.0 software was used for the sensitivity analysis and publication bias
test. Continuous outcomes were expressed as the standardized mean differences (SMDs)
with 95% confidence intervals (CIs).

Heterogeneity was tested by p value and I>. When p > 0.10 and I? < 50%, it will be
considered that there was no heterogeneity and a fixed-effects model was used for meta-
analysis. When p < 0.10 and I > 50%, it was considered that there was heterogeneity and a
random-effects model was used for meta-analysis. Subgroup analysis was conducted for
categorical variables such as the type, time, frequency, and duration. Sensitivity analysis
was used to test the stability of the meta-analysis results by excluding individual studies one
by one. Publication bias was identified by plotting funnel plots and Egger linear regression.

3. Results
3.1. Study Characteristics

The flowchart of the literature selection process is shown in Figure 1. A total of
1056 articles were initially searched through the database and other channels (Google
Scholar). Endnote software was used to remove 228 duplicate articles, and 781 articles were
excluded after reading the title and abstract. In addition, 35 articles were excluded for the
following reasons: (1) non-RCTs; (2) mixed intervention; (3) no outcome data was shown,
and 12 articles (six ADHD, six ASD) were finally included in the meta-analysis.

Table 1 shows the basic information of the 12 included articles including the references,
diagnostic standard, characteristics of the children, exercise interventions (form, time,
frequency, and duration), assessment scales, and outcome indicators (gross and fine motor
skills). A total of 379 children with ADHD and ASD were included, 190 in the experimental
group and 189 in the control group. The sample sizes for both the experimental and
control groups were 542 individuals, aged 3-16 years. The exercise intervention time was
35-90 min, the frequency was 1-5 times/week, and the duration was 4-20 weeks.
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Figure 1. Flowchart of the literature selection process.
Table 1. Basic information of the included studies.
. Exercise Intervention
Study Diagnostic ~ Subject Sample Age - Assessment Outcome
(Year) Standard Type Size (E/C) (Years) Type Time/Frequency/ Scales Indicators
Duration
Pan et al. Table tennis 70 min/2 times/ .
(2019) [24] DSM-IV ADHD 30 (15/15) 8-9 exercise 12 weeks TGMD-2 LS; OCS
Silva et al. Swimming 45 min/2 times/
(2020) [25] DSM-IV ADHD 20 (10/10) 11-14 training 8 weeks KTK SS
Pan et al. Horse-riding 90 min/1 time/ cc. .
(2017) [26] DSM-1V ADHD 24 (12/12) 7-14 program 12 weeks BOT-2 LS; SS; FMC; HC
Pan et al. Table tennis 70 min/2 times/ cc. .
(2016) [27] DSM-1V ADHD 32 (16/16) 6-12 exercise 12 weeks BOT-2 LS; SS; FMC; HC
Kosari et al SPARK 45 min/
(2013) [28] Clinician ADHD 20 (10/10) 8 physm.al A total of 18 times BOTMP LS; SS
education
Ahmed et al. L Aerobic 40-50 min/3 times/
(2011) [29] Clinician ADHD 84 (42/42) 11-16 exercise 10 weeks BRS LS
Dong et al. FMS 60 min/3 times/ .
(2021) [30] ADIR ASD 18 (8/10) 512 intervention 10 weeks TGMD-3 LS;0C5
Bremer et al. s FMS 60 min/2 times/ .
2020 [31] Clinician ASD 27 (13/14) 35 tervention ok TGMD-2 LS; OCS
Feng et al. DSM-1V; Aquatic 90 min/5 times/
(2017) [32] CARS ASD 32(18/14) 5 therapy 4 weeks HAAR S5
Pan et al. Table tennis 70 min/2 times/ . )
(2017) [33] DSM-IV ASD 22 (11/11) 6-12 exercise 12 weeks BOT-2 LS; SS; FMC; HC
Arzoglou Traditional . .
etal. DSM-IV ASD 10 (5/5) 16 dance 35-45 g“vg i:mes/ KTK LS; SS
(2013) [34] training
Wuang et al. . Horse-riding 60 min/2 times/ cc. .
(2010) [35] Clinician ASD 60 (30/30) 6-8 program 20 weeks BOTMP LS; SS; FMC; HC

Notes: DSM-IV: Diagnostic Standard: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition;
ADI-R: The Autism Diagnostic Interview-Revised; CARS: Childhood Autism Rating Scale; TGMD-2: Test of
Gross Motor Development-2; KTK: krperkoordinationstestfur kinder; BOT-2: Bruininks—Oseretsky Test of Motor
Proficiency-2; BOTMP: Bruininks-Oseretsky Test of Motor Proficiency; BRS: Behavior Rating Scale; TGMD-3: Test
of Gross Motor Development-3; HAAR: Humphries’ Assessment of Aquatic Readiness; LS: Locomotor skills;
OCS: Object control skills; SS: Stability skills; FMC: Fine manual control; HC: hand—eye coordination.
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3.2. Risk of Bias

The results of the bias risk assessment are shown in Figure 2. The risk of selective
reporting and other biases in 12 articles was low risk of bias, the risk of blinding bias for
allocation concealment and outcome assessment was unclear, and the blinding of the partic-
ipants and personnel was high risk of bias. In addition, the risk of bias in random sequence
generation was unclear in three articles [24,32,34], and only four articles [25,30,32,35] men-
tioned complete outcome indicators. In summary, the 12 articles included may have the
risk of bias.

Random sequence generation (selection hias)

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection hias)

Allocation concealment (selection hias)

Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Other bias

I
r

0% 25% 50% 75%  100%

- Low risk of bias

[:]Unclear risk of hias -High risk of bias

Ahmed 2011
Arzoglou 2013
Bremer 2021

Dong 2021
Feng 2017
Kosari 2013
Pan 2016

Pan 2017(1)
Pan 2017(2)

Pan 2019
Silva 2020

Wuang 2010

Total (95% Cl)

Figure 2. Risk of bias assessment for the included studies.

3.3. Summary of the Meta-Analysis Results
3.3.1. The Effect of Exercise Intervention on Gross Motor Skills of ADHD/ASD Children

There were 12 studies on the effect of exercise intervention on the gross motor skills
of ADHD/ASD children. The total sample size of the experimental group was 190, and
the total sample size of the control group was 189. As shown in Figure 3, due to the
heterogeneity among the study results (p < 0.00001, I?> = 79%), a random effect model
was used for the meta-analysis. The results showed that there was a significant difference
between the experimental group and the control group (p < 0.00001), indicating that exercise
intervention may improve the gross motor skills in ADHD/ASD children (SMD = 5.93, 95%
CI = 4.05-7.82). Among them, Feng’s aquatic therapy (SMD = 56.54, 95% CI = 38.83-74.25)
was more effective in improving the stability skills of the ADHD/ASD children, and Dong’s
FMS intervention (SMD = 17.58, 95% CI = 1.78-33.38) was more effective in improving the
locomotor skills and object control skills of both types of children.

Experimental Control Mean Difference Mean Difference
_Study or Subgroup _Mean _ SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random. 95%CI

797 396 42 495 607 42 157% 3.02[0.83,5.21] i

804 142 5 672 276 5 05% 13.20[-14.01,40.41] ]

829 163 13 736 145 14 23% 9.30[2.37,20.97] T
4788 20.3 8 303 116 10 13% 17.58[1.78,33.38] -
8333 2056 18 26.79 2853 14 11% 56.54[38.83,74.25] -

137 149 10 96 084 10 187% 4.10[3.04, 5.16] .

57 796 16 5244 926 16 6.6%  4.56[-1.42,10.54] ™

52 801 12 435 419 12 81%  850[3.39,13.61] -
5991 1063 11 51 875 11 42%  891[0.77,17.05] _'_
4333 25 15 40 402 15 15.0% 3.33[0.93,5.73] ™

76.3 5 10 63 8 10 68% 13.30([7.45,19.15] -

145 111 30 1043 068 30 19.6% 4,07 [3.60, 4.54] n

190 189 100.0% 5.93 [4.05, 7.82] '
T 1

Heterogeneity: Tau? = 4.66; Chi? = 52.69, df = 11 (P < 0.00001); 2= 79% :
Test for overall effect: Z = 6.16 (P < 0.00001)

f
-100 -50 0 50 100
Favours [experimental] Favours [control]

Figure 3. Forest plot of the gross motor skills of ADHD/ASD children [24-35].



Sustainability 2023, 15, 5206

6 of 13

Study or Subgroup Mean _ SD Total Mean

Pan 2016
Pan 2017(1)
Pan 2017(2)

Wuang 2010

Total (95% Cl)
Heterogeneity: Tau? = 8.51; Chi? = 7.90, df = 3 (P = 0.05); I* = 62%
Test for overall effect: Z = 3.18 (P = 0.001)

3.3.2. The Effect of Exercise Intervention on Fine Motor Skills of ADHD/ASD Children

There were four studies on the effect of exercise intervention on the fine motor skills of
ADHD/ASD children. The total sample size of the experimental group was 69, and the total
sample size of the control group was 69. As shown in Figure 4, due to the heterogeneity
among the study results (p = 0.05, I> = 62%), a random effect model was used for the
meta-analysis. The results showed that there was a significant difference between the
experimental group and the control group (p = 0.001), indicating that exercise intervention
might improve the fine skills of ADHD/ASD children (SMD = 6.32, 95% CI = 2.42-10.21).
Among them, Pan’s table tennis exercise (SMD =9.91, 95% CI = 0.23-19.59) and horse-riding
program (SMD = 9.50, 95% CI = 5.20-13.80) had better effects on the fine manual control
and hand—eye coordination in both types of children.

Experimental Control Mean Difference Mean Difference
SD Total Weight V. Random, 95% ClI IV, Random, 95% Cl
5438 1456 16 50.19 1294 16 12.3%  4.19[-5.35,13.73]
4567 6.07 12 3617 457 12 296%  9.50[5.20, 13.80] *
57 11.83 11 47.09 1132 11 120%  9.91[0.23,19.59]
149 08 30 11 091 30 46.1% 3.90[3.45, 4.35] n
69 69 100.0%  6.32[2.42,10.21] ¢

} f T f
-100 -50 0 50 100
Favours [experimental] - Favours [control]

Figure 4. Forest plot of the fine motor skills of ADHD/ASD children [26,27,33,35].

3.4. Subgroup Analysis

To further explore potential sources of heterogeneity, we analyzed the FMS of the
subgroups according to the moderator variables (see Table 2), suggesting that the source
of heterogeneity may be related to the intervention form, time, frequency, and duration.
Among them, the closed-skill intervention for 60 min each time, twice a week, for at least
12 weeks, had the best effect on the improvement in the FMS in children with ADHD/ASD
(p < 0.00001).

Table 2. Subgroup analysis of FMS.

Comparison between Subgroup vs. Control Group

Overall SMD (95% CI) Subgroups Number of
References
12(%) p 4 y
Form of intervention
open-skill 3.88 (1.73, 6.02) 0 0.42 3.54 0.0004 3
closed-skill 6.68 (4.33,9.04) 84 <0.00001 5.56 <0.00001 9
Time (minutes)
<50 min 5.40 (2.33, 8.46) 72 0.01 3.45 0.0006 4
60 min 4.09 (3.62, 4.56) 44 0.17 17.23 <0.00001 3
70 min 3.88 (1.73, 6.02) 0 0.42 3.54 0.0004 3
90 min 31.74 (—15.31, 78.79) 96 <0.00001 1.32 0.19 2
Frequency
(week/times)
1 time 8.50 (3.39, 13.61) - - 3.26 0.001 1
2 times 4.12 (3.67,4.58) 58 0.03 17.83 <0.00001 6
>3 times 22.19 (—2.28, 46.66) 92 <0.00001 1.78 0.08 4
Duration (weeks)
<8 weeks 27.78 (—1.89, 57.46) 90 <0.0001 1.84 0.07 3
10 weeks 8.11 (—5.50, 21.72) 69 0.07 1.17 0.24 2
>12 weeks 4.10 (3.65, 4.56) 7 0.37 17.75 <0.00001 6

Notes: Because the “Frequency” and “Duration” data in the Kosari study were unclear, they were not included in

the study.
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3.5. Sensitivity Analysis

In the included studies, samples of gross motor skills were mainly distributed on the
left side, and samples of fine motor skills were distributed on the right side. By excluding
individual studies one by one, a sensitivity analysis was performed to test the stability
of the overall experimental results. As shown in Figure 5, the effect sizes of both sides
of the sample after excluding each study were within the upper and lower limits of the
95% confidence interval. Wuang’s study had a high degree of scatter, but it had little effect
on the overall experimental results, which indicates that the population effect size of this
study was not affected by one-tailed bias. The results showed that in the study on the
FMS of children with ADHD and ASD affected by exercise intervention, there was no
significant change in the experimental results, suggesting that the results were relatively
stable and reliable.

Meta-analysis estimates, given named Meta-analysis estimates, given named
study is omitted study is omitted
i Lower CILimit O Estimate | Upper Cl Limit i Lower CILimit O Estimate | Upper ClLimit
Ahmed 2011  RGGECTELTEES EEE e SREGLEEE --4 Wuang 2010 R O ------- 1
Arzoglou 2013 RS B O -
Bremer 2021 R B R -1
Kosari 2013 |F---f------------- R 1
Pan 2016 R S S [y Pan2017(2)|  Fpemmmmmmmmmomoeoees BN ARl 1
Pan 2017(1) | Ff---mmmemmmmmmeenee- O ---m e i
Pan2017(2) | f-------mmmmmeeo o O H
L N . RO B L] s —— S H
Silva2020 | tp-------m-eeeeee- R |
Wuang 2010 | ---1----- O ---1
Feng 2017 |i--f-----=====------- 3 1
Dong 2021 | Fp-======m=mmmmmmees PO - m oo -4 Pan2016 b A — -
0.74 0.87 1.52 216 2.34 -0.55 0.07 1.81 3.54 451

Figure 5. Sensitivity analysis of the FMS [24-35].

3.6. Publication Bias

Publication bias was first tested by plotting a funnel plot. The scatter points in Figure 6
represent the studies included in the meta-analysis. Most of the scatter points were located
in the middle of the funnel and were asymmetrical on the left and right sides of the
vertical line. There may be publication bias in the preliminary analysis. Next, Egger linear
regression was used to further test for publication bias. As shown in Figure 7, the left
vertical line is the confidence interval corresponding to the intercept o, which had a 95% CI
(—0.29,9.12), p = 0.063 > 0.05, indicating that there was no publication bias in the included
studies. In summary, the findings indicated that this study was less affected by publication
bias and that the findings were reliable.
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Figure 7. Egger linear regression plot.

4. Discussion
4.1. Exercise Intervention Has a Significant Effect on Gross Motor Skills of ADHD/ASD Children

Meta-analysis studies have shown that exercise intervention can improve the gross
motor skills in children with ADHD/ASD, which is consistent with the findings of Ruggeri
et al. [12,36]. The underlying mechanism by which exercise intervention induces improve-
ments in gross motor skills may be related to neuroanatomy [9,37]. On one hand, exercise
intervention can cause a series of biological reactions in the muscles and organs, promoting
neurogenerative, neuroadaptive, and neuroprotective processes to favorably affect the
structural development and functional neurocognitive development of the brain primarily
through the regulation of the brain’s neural circuitry, mediation of executive function,
and lasting impact on the developmental trajectory of gross motor skills in children with
ADHD/ASD [38,39]. On the other hand, exercise intervention may help the prefrontal
cortex of the brain to formulate and improve perception—motor related skill tasks, while
the prefrontal cortex of the brain can get away to focus on cognitive and adaptive functions,
allowing for the gradual automation of gross motor skills [40].

Among the gross motor skill interventions, six types [24,26-31,33-35] of exercise
interventions could improve the locomotor skills of ADHD/ASD children, and only two
types [24,30,31] could improve the object control skills for both types of children. Of
these, the FMS intervention [30,31] and the table tennis exercise [24] had the potential to
improve both the locomotor skills and object control skills in both types of children, but the
enhancing effect of the FMS intervention was better. Further analysis found that the FMS
intervention could not only provide a goal-oriented, structured, and progressive guidance
strategy, positively change the functional connection of the brain’s neural network and have
an impact on the brain’s neurogenesis, adaptation, and protection [38,41], but in particular,
it created the best stimulating environment in the learning situation and helped children
with ADHD/ASD to create a positive self-perception and experience [30]. In addition, six



Sustainability 2023, 15, 5206

90f13

types [25-28,32-35] of exercise interventions could improve the stability skills in children
with ADHD/ASD, but aquatic therapy had the best improvement effect. Aquatic therapy
mainly applies the principles of hydrodynamics to provide multiple sensory stimulations
through water temperature, weight reduction, and vestibular input to promote gross motor
skill execution [42].

4.2. Exercise Intervention Has a Significant Effect on Fine Motor Skills of ADHD/ASD Children

The findings that exercise intervention improves the fine motor skills in children with
ADHD/ASD are not consistent with the results of Zhang et al. [1]. These differences may
be due to the sample size, the form and intensity of the intervention, the tactile sensitivity,
and the overall lack of social imitation being different [43]. It has been shown that exercise
intervention may not only promote the brain to make connections in visual feedback and
motor commands, but also form connectivity with both the visual network and the dorso-
medial motor region, and most likely through visual imitation to improve the hand-eye
coordination ability and upper limb motor skills in children with ADHD/ASD. It may also
promote central nervous system plasticity and increase neurotransmitter secretion, increas-
ing the level of brain arousal, and thereby improving executive function and enhancing the
fine manual control of both types of children [44,45].

Among the studies included in the meta-analysis, only four studies [26,27,33,35]
focused on the effect of exercise intervention on the fine motor skills of children with
ADHD/ASD. The table tennis exercise and horse-riding program were important inter-
ventions to improve their fine motor skills, but the specific exercise patterns differed. The
successful performance of table tennis exercises mainly depends on visual perception and
executive function, that is, accurately predicting the spatial trajectory and arrival time of the
table tennis ball, and immediately making the selection and execution of the ball response.
Table tennis exercise is based on the principle of constraint-induced exercise therapy, which
guides children with ADHD/ASD to perform repetitive exercises, conceal motor potential
through different strategies and tasks, and promote hand-eye coordination, fine manual
control, and executive function of both types of children [27,33]. Through active vision
and somatosensory control, the horse-riding program coordinated the connection between
vision and the limbs and performed the movements of the limbs correctly. ADHD/ASD
children are required to grasp the handle of the horse-riding machine during the horse-
riding program, and alter the posture and speed of their upper limbs from time to time
according to the visual information and trunk movement, improving hand—eye coordina-
tion and fine manual control [26,35]. Currently, the fine motor skills of most children with
ADHD/ASD show structural defects and are lower than the level of children of the same
age [5,46]. Therefore, it is hoped that more appropriate exercise interventions can be used
to improve the fine motor skills of both types of children.

4.3. Effects of Moderator Variables in Exercise Intervention on FMS in ADHD/ASD Children

The results of this study show that although both open-skill and closed-skill can
improve FMS in children with ADHD/ASD, the improvement effect of closed-skill was
better. The motor environment is considered to be the main sign that distinguishes open-
skill from closed-skill. Closed-skill (running, cycling, swimming, etc.) are performed
in a relatively consistent, controllable, and self-regulating environment; open-skill (table
tennis, football, basketball, etc.) refer to responding in an environment that is dynamic,
unpredictable, and influenced by external factors. In general, open-skill interventions tend
to be more complex [47,48]. The analysis of this study demonstrates that children with
ADHD/ASD have defects in complex tasks, adaptive behavior, and motor development,
and that performance on the FMS is significantly poorer than that of children of the same
age. Therefore, simple, regular, and predictable closed-skill are more suitable for the
development of FMS of both types of children [49,50].

In addition to the form of intervention, the FMS of ADHD/ASD children was also
affected by the time, frequency, and duration of the intervention, which is consistent with
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previous meta-analysis studies [16]. This study found that an exercise intervention of
60 min each time, twice a week, for at least 12 weeks was the most beneficial for improv-
ing the FMS in children with ADHD/ASD. In terms of intervention time, each 60-min
improvement effect was the best. For example, tai chi training [51] and the FMS interven-
tion [9] implemented a 60-min structured intervention program to effectively improve the
children’s movements and skills. With regard to the frequency of intervention, exercise
intervention once or twice a week may improve FMS in children with ADHD/ASD, and the
improvement effect was better twice a week, which is consistent with the aquatic therapy
of Pan [52]. Exercise intervention three times or more per week had no significant effect on
improving the FMS of the two types of children, indicating that intensive exercise interven-
tion may not be suitable for the development of both types of children, probably because
the development of FMS of both types of children lags behind that of normal children,
and the frequency of intervention should be consistent with their actual developmental
abilities [29,34]. In terms of intervention duration, the improvement effect is better for
12 weeks or more. Long-term exercise intervention may increase the brain growth factors in
children with ADHD/ASD, promote brain activity, improve cognitive ability, and enhance
the practice effect of the FMS [38]. Lourengo et al. pointed out that exercise intervention
lasting at least 12 weeks may stimulate the long-term attention and FMS proficiency of the
two types of children to a greater extent [53,54]. In conclusion, to maximize the benefits of
exercise interventions, the potential effect of moderator variables should be considered.

5. Conclusions and Implications
5.1. Conclusions

The results of the meta-analysis showed that exercise intervention could improve the
gross and fine motor skills in children with ADHD/ASD; the closed-skill intervention for
60 min each time, twice a week, for at least 12 weeks had the best effect on the improvement
in the FMS in both types of children. This study provides exercise intervention ideas for
medical institutions, occupational therapists, special education teachers, physical education
teachers, and parents of children with ADHD/ASD, and provides a basis for future research
into the improvement of the FMS of both types of children.

5.2. Limitations and Future Research

One important limitation of this study was the small sample size of children with
ADHD/ASD included in the study, which may have impacted the statistical analysis and
limited the generalizability of the results. Another limitation of this study is the lack of
follow-up studies analyzed from a longitudinal perspective, which makes it difficult to
scientifically reflect the long-term timeliness of exercise intervention on the FMS of both
types of children. Moreover, this study mainly focused on school-based interventions,
lacked an exploration of family and community-based interventions, and ignored the
effect of integration across different modes of intervention. However, there were still some
shortcomings in this study. In terms of the neural mechanism, although children with
ADHD/ASD have abnormalities in brain structure and function, there is still a lack of
neuroanatomical evidence for the intrinsic connection between exercise intervention and
the brain. In terms of the subgroup analysis, the discussion of moderator variables was
not sufficiently comprehensive. Currently, only the intervention form, time, frequency, and
duration have been studied.

Based on the above discussion, several suggestions are offered for exercise intervention
to improve the FMS of children with ADHD/ASD. First, to further expand the sample size
of randomized controlled trials on the effect of exercise intervention on the FMS of children
with ADHD/ASD to ensure the applicability of the research results. Second, pay attention
to whether the long-term longitudinal follow-up study has a positive effect on the FMS
for both types of children, and provide ideas and directions for the experimental design
of later exercise interventions. Third, to build a cooperative exercise intervention model
for families, schools, and communities, and to explore the effect of the comprehensive
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intervention model on the FMS of both types of children. Fourth, to continue to explore the
brain structure and functional mechanisms in both types of children. As above-mentioned,
children with ADHD/ASD have abnormal cerebral lateralization, but how to integrate the
functions of the two sides of the brain through exercise intervention to improve the FMS of
both types of children has yet to be explored. Finally, by considering the adjusting variable
of increasing exercise intensity, the effects of different intensities of exercise on the FMS of
both types of children were compared.
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